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Foundation explorations included soil borings, bedrock sampling, ground

water hydrology testing, and bedrock and soil pereability tests. Investi-
gations during construction included visually loggino well cuttings, inspection
of excavated slurry trench materials, blast hole dri ling, and slurry and
backfill testing. -s

The contract began in July 1983 and was esses tIly completed by July
1984. Ms. L .ouston was the geotechnical inspector.
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m&IhI . -INTRODUCTION

1.1 .LWATIOW AND D CZ•IMPTOu. Rocky Mountain Arsenal (RMA) occupies 17,000

acres in Adams County, Colorado, 10 miles uortheast of downtown Denver, and

directly north of Denver's Stapleton International Airport. The Northwest

Boundary Containment/Treatment System Project is located along the northwest

boundary of RMA, parallel to Colorrado State Highway 2 in Section 22, Township

2 South, Range 67 West. The project consists of a combination slurry trench

cutoff wall/hydraulic barrier which includes:

(1) A soil-bentonite groond water barrieT, which is a minimum of

30-inches wide, and is keyed 3 feet into impervious bec:ock. Barrier length

is 1,425 feet and is located 800 feev inside and parallel to the northwest

boundary, as shown on Plate 4. Average depth of the barrier is 43 feet.

-2) Fifteen dewatering wells, five of hich sare 50 feet upgradient of

the soil-bentonite barrier. The remaining 10 discharge veils, form the

hydrualic barrier.

(3) Twenty-one recharge wslls, 600 feet do.w gradient of the cutoff

wall and discharge wells.

(4) Seventeen piezoaeters for monitoring ground water elevation and

contaminat ion.

(5) ,i treatment plant foe removal of organic contaminants, by carbon
adsor-.t ion.

1.2 CONSTRUCTION A# UTT. The Northwest Boundary Containient/Treatment

System Project was authorized by Directive No. 2, Design FT 82-Rocky Mountain

.0 ., •a I l IlIII



Arsenal, dated 8 January 1982, and Directive No. 1, 14 January 1983, FY 81,

( PN 36.2 Liquid Waste Disposal, Phase II-WPC.

1.3 PURP OF "?M_.. An as-built foundation report is required for all

major or unique construction projects as per Regulation No. 1110-1-1801 dated

1 April 1983. These repo.ts insure the preservation for future use of

complete records of foundation conditions during construction and of methods

used to adapt structures to these conditions. They are also used in planning

additional foundation treatment after project completion, if necessary, in

evaluating stress, in planning remedial action should structural failure

occur due to foundation deficlenc.'-., for guidance in planning foundation

explorations and in anticipating foundation problems for comparable future

constructi.on projects, and as an information base in aetermining the validity

of claims made by construction contractors in connection with difficulties

arising from alleged foundation conditions.

1.4 P•OMCT NISrCET. IRA was established in 1942 to produce chemical

warfare agents and incendiary muniticuns. Since 1946, portions of the RMA

facilities have been leased to private industry for chemical manufacturing.

Production of chemical warfare agents continued at RHA until 1957. In 1971,

a demilitarization program was initiated to reduce stocks of obsolete chemi-

cal agents and munitions. C13emical production by private industry and the

demilitarization program were still in operation during construction of the

Northwest Boundary Containment/Treatment System Project.

During the production years (1942 to 1957), the industrial wastes

generated at RMA by private lessee and Government operations were disposed of

in unlined ponds. Basin "A," located in Section 36, was the most extensively

used unlined pond. At the peak of production in 1955, the surface water in

Basin "A" reached approximately 300 acres in area. The use of the natural

basin with no other provisions for waste containment allowed large quantities

of contamination to percolate into the ground water system. Unlined Basins

"C," "D," "E," and "F" were also used during this time to contain overflow

wastes from Basin "A."

1-2



The first indication of ground water contamination outside of RMA came

with a formal letter of request for investigation from the Great Western

Sugar Company to Brigadier General C. S. Shadle, RtA, dated 4 June 1954. A

subsequent letter from the Great Western Sugar Company to the Chief of
Engineering and Service Division, RKiA, dated 18 June 1954, related more

information concerning ground water contamination. This letter described a

correlation between crop damage and irrigation water from wells in farmland,

adjacent to R14A as early as 1951. Studies of the problem were initiated in

November 1954 'y the Corps of Engineers, Omaha District, in cooperation with

the U.S. Geological Survey (USGS) at the request of the Commander, Rocky

mountain Arsenal. The Corps of Engineers study, "Report on Ground Water

Contamination," September 1955, consisted of well-sample analyses for contami-

nation and an electrical resistivity investigation to determine contaminant

migration patterns. The USGS open file report by Petri and Smith was dated
SAugust 1956. These studies did delineate general patterns of contaminant

migration, and they recommended that a program be implemented to monitor the

contaminated ground water.

'Another study, conducted by the Ralph M. Parsons Company under contract,

with the Corps of Engineers, Omaha District, resulted in "The Final Report,

Disposal of Chemical Wastes, Rocky Mountain Arsenal" in September 1955. This

report described studies of toxicity to plants and chemical constituents in

irrigation wells near RNA, and provided recmmendations for cost-effective

actions, including reduction of the volume of contaminated water discharge

from plants, asphalt membrane seals in existing storage reservoirs, and the

study of bentonite-sealed reservoirs, reduction of wastes into salable

by-products as much as possible, neutralization of surplus acids into salts,

and solar evaporation of a portion of the waste liquids in the reservoirs to

reduce liquid contents. It also recommended against the use of an injection

well for disposal of liquid wastes.

Many of the recommendations were followed for reduction of waste

volumes, and existing Basin "Y" was lined with an impermeable sprayed asphalt

mbrane covered with 1 foot of clay soil. Apparently, no study of

(1-3
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bentonite-sealed reservoirs was conducted and no other waste reservoirs were

lined to prevent continued leaching of contaminants intc the ground water

aquifer. All process wastes sl.nce 1956 have been placed in Basin "F."

The U.S. Public Health Service, acting on claims of crop damage from

the use of irrigation water on lands adjacent to RMA ia 1958, performed a

survey of damages. This study resulted in a report released in November 1959

acknowledging the Government's responsibility for contamination of RMA-area

ground water. This report provided impetus for containment and cleanup of

contaminated ground water leaving RHA. The Omaha District was directed to

perform a preliminary study of the ground water problem at RMA'by Office,

Chief of Engineers (OCE) Directive No. 1, dated 18 March 1960. Results of

this preliminary study were submitted to OCE in report form dated 11 May
1960.

By letter frcm OCE, dated 11 July 1960, the Omaha District was directed

to proceed with completion of the final integrated study of the ground water

contamination at RMA, based on information available at that time. This

study resulted in the comprehensive report, "Program for Reclamation of

Surface Aquifer," dated January 1961. This report accurately described the

nature and extent of contamination, the nature of the phytotoxicants, and

supplementary methods of waste disposal. It also provided several ithemes

for correction, of the contamination. These schemes included the proper

locations for barriers which were used when designing the Northwest Boundary

Containment Sys.ei. Also recomended was a program for monitoring contamina-

tion and ground water flows, and a program for further studying the nature of

the contaminants and their effect on plants and animals.

By the summer of 1959, Basit. "7" was dangerously close to capacity for

two reasons: (1) the production of liquid wastes exceeded expectations, jnd

(2) Basin "F," the only lined basin, had only two-thirds the capacity recom-

mended in the Corps of Engineers' sponsored study, due to limited funds

available to the Chemical Corps. The Chemical Corps, scting on the advice of

01-4
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their Industrial Advisory Council, decided upon a deep veil for the under-

ground injection of future wastes. Under contract to the Omaha District,

U.S. Army Corps of Engineers, E. A. Polumbus, Jr., and Associates, Inc.,

produced the report, "Final Design Analysis, Pressure Injection Disposal

Well, Rocky Mountain Arsenal," in July 1960.

The injection well was drilled in 1961 under the supervision of the

Omaha District to a depth of over 12,000 feet, penetrating Precambrian

gneiss. This well was unique in that it was by far the deepest injection

well to date, and that the reservoir consisted of fractures in crystalline

rock as opposed to sedimentary rock commonly used for injecting wastes.

Regular pressure injection of wastes from Basin "F" began on 8 March 1962.

On 23 November 1965, David M. Evans, a Denver geologist, publicly announced

the results of a dtudy conducted by him which alleged to prove that injection

of liquid wastes in the deep well at RMA was causing er.t:.quakes in the

Denver area. Mr. Evans based his allegation on the statistical correlation

between volumes of waste injected into the well and the frequency of earth-

quake eventd. This correlation covered the period from March 1962 to October

1965, during which a total of 150 million gallons of waste were injected and

a total of 710 earthquakes were recorded.

Interest in a relationship between injection of fluids and earthquakes

soon became widespread. Upon the advice of the Corps of Engineers, RMA

reduced the rate of waste injection on 20 January 1966, and discontinued

injection altogether on 20 February 1966. The izvestigation of the situation

then expanded. The U.S. Geological Survey, University of Colorado, Colorado

School of Mines, and the Corps of Engineers, Omaha District, cooperated in

the investigation. The correlation between injection rates and earthquake

frequency was confirmed, and in February 1969, injection of waste was

permanently discinutinued. Process wastes were again stored in Basin "V."

In 1974, contaminants that originated from RMA operations were detected

in surface waters located to the north of RMA and in wells located near the

city of Brighton. The State of Colorado Department of Health, following

1 1-5



Resource Conservation and Recovery Act guidelines, issued three Cease and

Desist Orders against Shell Chemical Company (SCC) and LMA in April 1975.

These orders stated that SCC and •MA:

(1) Immediately stop the off-post discharge of contaminants, both
surface and subsurface.

(2) Take action to preclude future off-post discharge of con-

taminants.

(3) Provide written notice of compliance with Item (l).

(4) Submit a proposed plan to meet the requirements of Item (2).

(5) Develop and institute a surveillance plan to verify comu-
pliance with Items (1) and (2).

As a result o!• these orders, a progrm was developed and implemented to

satisfy the compliance criteria. The Northwest Boundary Containment/

Treatment System is one of several projects designed to implement this

program.

1.5 DISIZ COMCZPT. Originally, the design concept for the containment sys-

tem was a total hydraulic barrier. However, the thin saturated thickness and

low permeability of 'the aquifer 'along the northeast half of the system made a

hydraulic barrier along this ' reach economically and operationally undesir-

able. The slurry trench cutof! wall was selected to contain the ground water

flow in the thin aquifer because it offers several a£4antages over the hydrau-

lic barrier. Advantages of the slurry trench cutoff wall are:

(1) Less maintenance time and costs, due to the reduced number of

wells and pumps. Less shutdown time for well maintenance.

(2) Assures positive cutoff in an area with complex hydrology.

(3) Less complex operation.

(4) Seasonal variations in ground water level will have less effect on
system operation.

(5) Less operating cost.

1.6 LO ,loW . Of C0WTAIXKM/1XhkrI _ SYSTTE. Originally, there were

several proposed locations for the containment system. As preconstruction

investigations progressed, it becam apparent that more favorable subsurface
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conditions existed closer to the boundary. Hoving northwest, away from the

( bedrock bench situated approximately 1,600 feet inside and roughly parallel

to the boundary, the geology and hydrology is more conducive to operation of

the containment system. There is greater saturated thickness and less

bedrock "nfluence on ground water flow (Plates 22, 2k, and 25). Therefore,

the final containment system location iA as close to the boundary as
practical. This location provides several advantages over any other site

considered. Some of the advantages are as follows:

(1) Ground water flow in this area is nearly perpendicular to the
boundary and the containment system. This allows the. DBCP plume
to be intercepted with a shorter system. Review of the ground
water and bedrock plans indicates that a system located further
inside the boundary would be nearly parallel to the ground water
flow and the plume. This would require the system to be an
additional 1,000 feet in length to assure the entire plume is
intercepted.

(2) The saturated thickness increases closer to the bnundary. As a
result, the length of the slurry cutoff wall is less, because
there is less thin aquifer to cutoff.

(3) There is a fairly extensive network of existing monitoring wells.
in this area. These wells can be used to monitor the system
eliminating the need to construct new monitor wells. There is a
row of monitor wells along the boundary that can be used to
monitor water quality and levels down-gradient of the recharge
line. There is also a row of monitor wells that fall
approximately widway between the discharge line/slurry wall and
the recharge line. These will provide water quality and levels
within the system. Several monitor wells are located upgradient
of the discharge line/slurry wall to provide ground water data
prior to entering the containment system.

(4) The location contains more contaminated ground water initially.
By moving the barrier close to the boundary, there is less contami-
nated ground water between the system and the boundary to flow off
the arsenal after star.up.

(5) The bedrock high in the vicinity of boring DH82-8A provides a

place to tie the northeast end of the cutoff wall into.
K (6) Low ground water gradient; reversal can be achieved. with minimum

drawdown and mounding.

1.7 CUTRACTOU AM)D C~MTACT SU? ,SION. The contract for Rocky Mountain

Arsenal Northwest Boundary Containment/Trestment System began in July 1983.

K) 1-"
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Initial grading and clearing work began in August 1983, with the soil-

( bentonite barrier beginning on 4 October 1983 and finishing on 20 November

1983. Hell drilling proceeded from Septwber 1983 through May 1984. The

entire project was essentially completed by July 1984. Subcontractors

involved in the project are included in Table I.

TAILI 1-1 - COUT1*TOUS

urJACTOR Vo Ui O

Western States Construction Co.. Inc. Treatment building,- sumps,
(Prime Contractor) well vaults, site grading,
P.O. Box 598 service road#, yard pipi,.,
Loveland, CO 80539

Ceo-Con, Inc. Slurry trench excavation 1011
E. Touchy Avenue and backfill Suite 245
Des Plaines, IL 60018

Bechtold Construction Co., Inc., Discharge and recharge 7709
West 41st Avenue wells Wheatridge, CO 80033

Fox Consulting Engineers & Geologists Piezometers 4765 Independenca
Denver, CO

Bath Excavating & Construction Blasting for trench P.O. Box
1333 excavation Fort Collins, CO

.80522

Western Testing Laboratories, Inc. Concrete, compaction, 775
Sheridan Boulevard gradation, and backfill
Lakevood, CO 80214 testing

Chen & Associates Barrier permeability 3405 N.
El Paso testing Denver, CO

Westvaco Treatment system P.O. Box
1107 fabrication Castle Rock, CO

Decker Erectors Metal building P.O. Box
474 fabrication Kittredge, CO
80457

1-8
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COWTIACTOStvo FirnOR

Meyer-Weddle Co. Calgon tank interior
12580 W. Cedar Drive piping
Denver, CO 80228

Consolidated Engineering, Inc. Electrical and
11185 E. 51st Avenue instrumentation
Denver, CO

Union Power Construction Co. Overhead electrical

2045 W. Union Avenue
Denver, CO

Craftsman Decorating, Inc. Painting, coatings, pipe
2634 12th Avenue identifications
Greeley, CO 80631

Re-Bar Placing, '.nc. Reinforcing installation
9520-B East 104tn Avenue
Henderson, CO 80640

Steelock Fence Co. Security fence and
5208 Adams Street gates
Denver, CO 80216

Gendreau Construction Concrete forawork
P.O. Box 696
Glenwood Springs, CO

1.8 nZ8IDrUt AND W$GN5 STAFF. Design of the system was leveloped by the

U.S. Army Engineer District, Corps of Engineers, Omaha, Nebraska, under the
direction of District Engineer, COL W. R. Andrews, Jr. Key design personnel

in Engineering Division include G. Williams, Military Branch; L. Tate,

R. Curnyn, and M. Beyon, Design Branch; and D. Pendrell, J. Topi, and

T. McDaniel, Geotechnical Branch. L. Houston, Geotechnical Branch, provided.

field inspection and geotechnical expertise during the well' and ground water

barrier conscruction. Construction Division personnel include N. Mailander,

Supervision rnd Inspection Branch. The Rocky Mountain Area Office, under

COL J. I. Coats, Area Engineer, was responsible for project construction.

Key Rocky Mountain Area personnel include K. Thonen, Resident Engireer, and

R. McRae and J. Minicz, iroject Engineers. The treatment plant was designed

by Stearns and Roger; and using equipment was designed by Rubel-Rager, Inc.

" ) Technical review was provided by the Omaha District.
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2.1 PUCOUNSTUCOE IESITCLMOIS. A number of pump tests. and inter-

ference tests were performed prior to 1961 to determine aquifer and ground

water characteriptics. From the test data obtained, the hydraulic conductiv-

ity factor vzs 1,500 feet per day; the factor for the average storativity was

20 percent. Average porosity was computed as 35 percent. The distance from

Reservoir "A" (Plate 1) to the South Platte River showed a 20-foot per mile

hydraulic gradient, with the average velocity of movement of 16 feet per day.

A comprehensive study of ground water contamination was completed by

the Omaha District Corps of Engineers in January 1961. This report, titled,

"Program for Reclamation of Surface Aquifer, Rocky Mountain Arsenal," was the

first report to identify major contaminant sources and contaminated ground

water plumes, as well as provide coitainment/collection system schemes and

locations for the proposed systems. All following investigations generally

confirmed the hydrologic information and preferred containment system loca-

ti.ons as su~bmitted in the 1961 report. The information derived from this

report is shown on Plate@ 22 through 25. The disposal methods for contami-

nated water are not included in this report.

A field exploration program for the Northwest Boundary project was

planned and performed by the Omaha District to provide more detailed

geologic, hydrologic, and contaminant data. Field work for the project

begain on 18 March 1982 and was completed in January 1983. A total of' 89

holes were drilled. Refer to Plate 3 for boring locations. Sixty-seven of

the borings were located in five lines parallel to the northwest boundary in

Sections 22 and 27. The lines were located approximately 200, 800, 1,600,

2,400, and 3,400 feet southeast of the boundary. The first four lines inwide

the boundary were situated along three potential locations for the contain-

ment system. The fifth line (3,400 feet southeast of tVie bounda,-ky) was

drilled to clarify complex hydrolovy and to determine contaminant flow pathc.

The remaining 22 holes included 5 wells and 17 observation wells

(piezometers) used for performing and monitoring aquifer pump tests.

C)
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Drilling for the project was performed by the Army Cor:/ of. Engineers'

drill crews, Omaha, Nebraska, with the exception of wells W-I, W-2, and W-3,

which were drilled under contract by Caissons, Inc., Denver, Colorado. The

majority of the hol4s were drilled with a CME-75 equipped with a hollow stem

auger. Three-inch or two-inch diameter split spoon samples were taken at

intervals ranging from 2-1/2 to 5 feet. The remainder of the exploratory

borings were drilled with a cable tool (churn) drill rig. Cable tool-drilled

holes utilized a Bucyrus-Erie churn, and were sampled continuously. Wells

W-I, W-2, and W-3 were drilled with a rotary rig equipped with a 36-inch-

diameter flight auger; Well W-4 was drilled with a Tailing 1500, and Well W-5

was drilled trith the cable tool. Profiles along the dewater well, slurry

trench, and recharge well lines, along with logs of adjacent bor:.ngs, are

shown on Plates 5 through 9. Holes were visually logged by Omaha District

geologists and samples were forwarded to the Missouri River Division

Laboratory for further analysis.

If ground water was encountered in the borings, 2-inch diameter PVC

piezometers were installed for water level measuremsets and sampling for

water quality analyses.

Two 48-hour alluvial aquifer pump tests were ran to determine the

hydraulic characteristics of the aquifer in the vicinity of the proposed con-

tainment system. One (W-4) utilized 20 observation wells,-and was conducted

by Woodward-Clyde Consultants and Omaha District personnel with some techni-

",:& assistance from the US Geological Survey, Denver. Six observation wells

were monitored during the V-5 pump test, which was performed by Omaha

District personnel only. Pump test locations are shown on Plate 3. Aquifer

characteristics for the alluvial aquifer were determined by using the time-

drawdown data from the observation wells. Analyses using Boulton's method,

assuming delayed yield for an unconfined aquifer, gave an average transmishiv-

ity value of 210,228 gpd/ft and an average specific yield of .085 for Well

W-4. Hydraulic conductivities calculated using the values for transmiasivity

and saturated thickness (25 feet) averaged 1144 ft/day. For Well W-5 an

average transmissivity of 33,213 gpd/ft, specific yield of .25, and hydraulic

conductivity of 587 ft/day was calculated.
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2.2 I.V• ATIr ms DORM CooSTZCTINo. Investigations during construction

( included visually logging the vell cuttings, inspection of excavated slurry

trevch materials, additional drilling performed by Geo-Con for blasting pur-

poses, and slurry and backfill testing.

9MUL LOGGIUC. Using a strainer, grab samples of the well cuttings were

taker. during drilling. A jar sample of aquifer material was also taken from

each well. . Samples were logged according to ASTH D 2488, "Description of

Soil. (Visual-Manual Procedure)." Logs are compiled in o'ates 12 through 16.

2i r IMYKSTICATIOS. Bedrock samples were taken at the minimum excar-

vation depths (as shown on Plate 16) at 20-foot horizontal intervals using

the sampler shown in Photo No. 14. The sampler was pinned to a tooth on the

backhoe bucket and pushed vertically into the bedrock until refusal. When

samples indicated heavy weathering, silt, sand, or fractured zones, excava-

tion was continued until less permeable material was encountered.

A total of 213 blast holes were rotary drilled along the slurry trench

line from Stations 16+64 to 18450 for removal of sandstone lenses. The holes

were not logged; however, the upper and lower contacts of the argillaceous

sandstone were determined by the driller so shown in Table 2-1.
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( Uazz2-1 - LASTIUG

-fop of kcto: Thick.s.s Bottom No. of Poude
Role lock of Rock of Rock of 1ole Sticks of
No. station (ft) (ft)* (f )* (ft) "rove" "WTovex"

19 16*64 40.5 41 0.5 45.5 1 2.27
20 16+67.8 43 4.5 1.5 44.9 1 2.27
94 16.69.4 43 44.5 1.5 44.4 1 2.27
21 16+71.2 43 45 2 44 1 2.27
93 16.73 43 45 2 47.6 1 2.27
22 16'74.8 42 45 3 46 2 4.50
92 16-76.6 42 45 3 46 2 4.50
23 16'78.4 41 45.5 4.5 46 3 6.80
24 16.82 40.5 46 5.5 47 4 9.08
90 16+83.8 40.5 46 5.5 45 3.5 7.90
25 16.85.6 40.5 46 5.5 48.5 4 9.08
89 16+87.4 40.5 46 5.5 45.2 3.5 7.90
26 16.89.2 40 46.5 6.5 46.1 4.5 10.20
88 16+91 40 46.5 6.5 45.6 4 9.08
27 16.92.8 39 46.5 7.5 48.5 5 11.35
87 16.94.6 39 46.5 7.5 46.2 5 11.35
28 16+96.4 38.5 46.5 8 46.9 6 13.60
86 16.98.2 38.5 46.5 8 48 6 13.60
29 17+00 38 47 9 46.8 6.5 14.75
85 17.01.8 38 47 9 46.9 6 13.60
30 17.03.6 39 46.5 7.5 45.8 5 11.35
84 17-05.4 39 46.5 7.5 45.5 5 11.35
31 17+07.2 40 46.5 6.5 46.8 4.5 10.20
83 17.09 40 46.5 6.5 45.6 4 9.08
32 17+10.8 41 46.5 5.5 46.2 4 9.08
82 17+12.6 41 46.5 5.5 46.5 4 9.08
33 17.14.4 42 46.5 4.5 47 3 6.80
81 17.16.2 42 46.5 4.5 46.2 3 6.80
34 17.18 43.5 47 3.5 46.5 2 4.54
80 17.19.8 43.5 47 3.5 46 2 4.54
35 17+21.6 44 47 3 47 2 4.05
79 17+23.4 44 47 3 47.8 2 4.05
36 17+25.2 44 47 3 46.8 2 4.05
78 17.27 44 47 3 46.5 2 4.05
37 17.28.8 44 46.5 2.5 45.8 2 4.05
77 17+30.6 44 46.5 2.5 45.5 2 4.05
.38 17+32.4 44 46 2 45.8 1 2.27
76 17+34.2 44 46 2 46.8 1 2.27
39 17+36 43.5 45.5 2 45.8 1 2.27
75 17.37.8 43.5 45.5 2 50 1 2.27
40 17+39.6 43 45 2 1 2.27
44 17+41.4 43 45 2 ? 1 2.27
73 17.45 43.5 44 0.5 43.5 1 2.27
42 17.46.8 42.5 43 0.5 42.5 1 2.27
72 17+48.6 43 44..5 1.5 44 1 2.27
71 17+50.4 42.5 43 0.5 42.5 1 2.27
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C ~~TA=~ 2-1 - MMASIU (COETI5JX)

Top of Batten Thicm.J s U4stat xio. of Powde
Sol* lock of Rock of lock of Role Sticks of
No. Station (ft) (t)* (f t)* (ft) -Toreo " "qvez"

43 17.52.2 42.5 43 0.5 A2..3 1 2.27
57 17+99.8 44 48 4 57.1 3 6.80

200 18+02.6 42 47 5 52.4 4 9.08
201 18+03.4 43 48 5 53.5 4 9.08

202 18.06.2 45 48 3 55.2 2 4.54
203 18+07 43 48 5 53.7 4 9.08
204 18+10 42 49 7 54.3 5 11.35
205 18.10.6 44 48 4 50 3 6.80
208 18+17 42 49 7 57.2 5 11.35
209 18.17.8 41 49 8 56 6 13.62
210 18+20.6 42 50 8 50.6 6 13.62
211 18+21.4 41 49 8 57.6 6 13.62
213 18.25 44 49 5 52 4 9.08

MNOL: Bottom of rock and feet of rock as determined by contractor. For

actual rock profile, see Plate No. 16.
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GEAPTE 3. - GEOLOGY

The following is a general discussion of the regional an%2 site geology

and hydrology. A much more detailed discussion is presented in the Concept

Design Analysis for the NW Boundary Containment, F1,37, Rocky Mountain

Arsenal.

3.1 GENEAL GOOY

3.1.1 PEY IoGnAPEY. Rocky Mountain Arsenal is located within the Colorado

Piedmont section of the Great ?lains physiographic province and is character-

ized by late mature to old elevated plains and low rolling topography. The

site itself is on the eastern edge of a broad valley of the South Platte

River, east of the foothills of the Front Range of the Rocky Mountains.

Topographic relief across the entire Arsenal is approximately 200 feet, with

the land surface generally sloping northwest toward the, South Platte River

(see Figure 3-1).

3.1.2 MSCIIFTOIN Ov O. RBUKN. The overburden consists primarily of

alluvial clays, sands, silts, gravels, cobbles, and small boulders in various

combinations. Above the bedrock, the soils are quaternary alluvial deposits

ranging from 0 to 70 feet in thickness, with irregular, braided channel

deposits and lenses characteristic of alluvium. Occasional calcareous

cemented zones occur in the alluvium and may vary from several inches to

several feet in thickness. The alluvium is overlain in places by more recent

deposits of windblown silts and sand,.

3.1.3 UDN=K STIATTICRAPBt. The Denver and Arapahoe Formations are the

bedrock units im.ediately underlying the Rocky Mountain Arsenal. They

consist of deltaic shales, claystones, sandstones, and conglomerates.

Studies by WES (1980) indicate that the Denver, Formation is 250 to 400.

feet thick -!: the vicinity of the northwest boundary and, therefore, this

formation is the only bedrock uni: of concern for this project. All further

references to bedrock in this report refer to the Denver Formation.
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The Denver Formation is of probable Paleocene age consisting of

sequences of deltaic deposits. The depositional environment resulted in a

predominance of fine grained materials rich in organic matter. Lignite seams

have been reported nearby and fragments of lignite were encountered in bore-

holes during this study. Interbedded with the fine grained sediments are

sand deposits and silty sands that apparently represent stream channel

deposits that were probably deposited in meandering channels and adjacent

portions of flood plains.

The sandstones of the Denver Formation constitute important aquifer

zones in the Denver Basin and yield watý.r to domestic, municipal, and indu6t-

rial wells. Individual sandstone beds are lens shaped in cross section, but

may extend for long distances along sinuous channels. Interweaving of these

channels provides good regional lateral interconnection by occasional overlap-

ping of channel deposits. Thickening with vertical overlapping or stacking

provides good vertical interconnection over wide areas although this vertical

interconnection may be poor at a given location. As a result, individual

sandstone buds by theemselves are not important aquifers, but rather groups of

beds act as aquifer zones that respond or act much as a single aquifer. This

condition is typical of the major ground Water basins of much of the Western

United States and the Atlantic and Gulf coastal plains where they are

composed of deep alluvial fill.

3.1.4 U DRC 87RBC7UR. DIA is, located near the northwestern flank of the

Denver Basin, an oval structural basin measuring approximately 120 by 70

miles. This basin is filled with about 15,000 feet of sedimentary rocks.

The bedrock at RNA is a thick sequence of Paleocene and Cretaceous deltaic

and alluvial deposits with gentle regional dips to the southeast, toward the

axis of the Denver ,asin (see rTgure 3-2).

In late Cretaceous and early Tertiary times, major deposition occured

in the Denver Basin. In the Tertiary Period, the Laramide Orogeny began,

rvsulting in uplift of the entire area and the development of the Rocky

Mountains to the west of the site. In time, the uplilt caused erosion which

r.moved most of the Tertiary sedime:ets and exposed the late Cretaceous

(sediments. The remnants of this erosional period are pediments formed along
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the eastern plains near the foothills. With the retreat of the glaciers in

the Quaternary Period, massive erosion of the Cretaceous formations

continued, shaping the present bedrock topography in the RKA area.

No significant faulting has been noted at R.A, although some seismic

activity in basement rock was associated with the deep well disposal program

in the aid-1960's.'

3.2 sI GROLGY.

3.2.1 SWD=X. In the northwest boundary area, the Denvor Formation

consists of predominantly gray to gray-brown shale or claystone, with

irregular, discontinuous sandstone lenses.

The Denver Formation is jointed and fractured in the vicinity of the

barrier, as observed in sample cores and described in borehole logo. The

clay shales or claystones are relatively massive and do not exhibit shale

partings. They are not fissile. Joints and fractures are probably related

to stress relief due to unloading by erosion, and perhaps more importantly,

due to dessication resulting in contraction cracks. The upper part of the

unit, especially in the weathered zone, is often classified as intensely

fractured or crushed. Iron staining was noted on fracture surfaces which

indicates the joints and fractures were open enough to transmit water when

the rocks were unsaturated and an oxidizing envirornent existed.

Along the barrier alinement, bedrock is weathered to depths ranging

from 2 to 5 feet below the erosional surface of the formation. Weathering is

gradational with color changes from shades of brown in the weathered zone to

gray colors in the unweathered materials. This weathering indicates the

erosional surface of the Denver Formation has been exposed to air and

detsication permitting oxidation and decomposition of mineral constituents.

This suggests that the weathered zone was unsaturated during the geologic

past, during the Tertiary Period or possibly early Pleistocene.
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The degree of weathering, freshness, and fracturing of the bedrock

( during construction was determined by examination of trench bottom samples

and boring samples. Trenching operations frequently extended 3 to 5 feet

deeper than the minimum excavation line due to fracturing and weathering of

.the Denver Formation near the bedrock surface. The Denver Formation

sandstones at the northwest boundary frequently contained yellow-brown

stained weathered zones near the base of blue-gray unweathered zones. These

zones were slightly softer than the blue-gray sandstone and appeared to be

slightly more permeable. These areas contained numerous pockets of clay and

loose fine grained sands. During excavation, the alluvium-sandstone contacts

were distinct over the site, but alluvium-claystone contacts were frequently

ambiguous due to the similar characteristics of weathered claystone and the

overlying alluvium.

3.2.2 ALLUVIUM. The alluvium was deposited during the Quatenary Period. It

was deposited primarily by tributaries of the ancient Mlatte River drainage

System.

Bedrock is directly overlain ' by unconsolidated and occasionally

cemented coarse alluvium. This is the alluvial aquifer material and consists

of highly permeable sands and gravels with varying amounts of silt, cobbles,

and occasional boulders. The thick-eus of the alluvial aquifer ranges from

over 25 feet to less than 5 feet.

The alluvial aquifer material is overlain by fine-grained overbank

alluvial sediments. This material can act as a confining layer to ground

water. The fine-grained sediments are predominantly sandy or silty lean

clays, or less commonly, highly plastic clays. Zones of clayey sands were

occasionally encountered. The thickness of these sediments averages 20 feet.

3.2.2.1 ZOL.IEIA .OSITS. A thin mantle of eolian soils overlies the

northwest boundary area. These Wisconsin Age deposits were derived from

glacial outwash material. They are generally a fine grained, fairly uniform

silty sand.
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Plates 12 through 16 indicate the types of materials encountered

throughout the project area.

3.3 GMUD 3111 NYDIOLOCY. At the northwest boundary, area of RMA, it is

reasonable to separate the :egional flow system into two subsystems based on

geology; alluvium and bedrock !low. The Quaternary Alluvium in this area is

predominantly underlain by clay shales, siltstones, and sandstones of the

Denver Formation.

Regional studies of the ground water flow system by Geraghty and

Miller (Evaluations of the Hydrogeologic and Contamination Migration

Patterns, Rocky Mountain Arsenal, Denvdr, Colorado, January 1981) indicate a

general north to northwesterly flow angling toward the South Platte River.

The shallow or upper Denver Formation and the alluvial deposits interact in

transmitting flows and are both part of the same flow system. Flow in the

Denver Formation is both confined and unconfined, and in the alluvium, it is

generally unconfined, but may be locally semiconfined. Potentiometric levels

in both units generally correspond rather closely. Locally potentiometric

levels between may vary greatly due to locally imposed stressei such as heavy

pumping from one of the units or by local recharge. Even though flow through

both geologic units is part of one system, there are significant differences

that were used to advantage in developing pollution containment systems. In

general, the alluvial aquifer is much more permeable than sandstones or other

materials in the Denver Formation.

The shallow alluvial aquifer is composed of the sand, graval, clay,

and silt as described in Paragraph 3.2.2, and is the most used aquifer in the

RMA area. The flow of water through this aquifer generally conforms to the

bedrock surface, which slopes from southeast to northwest. Zone'. of

impermeable clays and silts in the aquifer may slightly alter the flow or may

form isolated perched water tables. The flow pattern is also locally

modified by seepage from ponds, lagoons, and canals. The seepage type of

artificial recharge is the primary cause of the extensive contamination at

RHA, the main sources being the disposal basins for process wastes.
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Only minor fluctuations in ground water level have been recorded over

( several years, indicating the relative stability of the ground water system.

The ground water in the alluvial aquifer is rather mineralized and of

poor quality, with an average total dissolved solids concentration of 1,300

mg/liter. This water is marginally suitable to unsuitable for domestic

supplies, but is used where better quality water is not available.

3.4 ENGIUIIMU CNAURTISTICS OF OYKKfW=. The permeability of the

alluvial aquifer was determined to be 2.07x10-1 to 3.88xl0- cm/sec, based

upon pump tests performed by the Corps of Engineers. Select material was

chosen over native material for backfilling the trench to. decrease

permeability of the barrier. Cemented zones in the alluvium caused some

difficulty in well drilling, but little in trench excavation. Cobbles and

small boulders (to 16 inches) were encountered in discharge and recharge

wells throughout the aquifer,. which seriously impeeded drilling.

3.5 =GIKIUMC CRA1CTIRISTICS OF IVDM . The permeability of the upper

Denver Formation claystones was found to be 4.7x10-6 cm/sec in' the vertical

direction and O.19x10- 6  cm/sec in the horizontal direction, (WES, 1982

"Hydrogeology of Rocky Mountain Arsenal, Colorado") indicating an increase of

permeability in the vertical movement of water. This increase was attributed

to joints, fractures, and weathering in this direction, and was a major basis

for keying the barrier into a significantly less weathered zone several feet

into the claystone. Based on a slug test run on Well 5A (See Plate 3 for

location), the coefficient of permeability of the sandstone lenses wag calcu-

lated to bo 4 to 5xl0-5 cm/sec. As this would allow contaminated ground

water to flow under the barrier through the sandstone units, the decision was

made to remove the sandstone while excavating the trench.
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CRUMI 4. - EXCAVATION P2lOIDflS(
4.1 =ZlhL EXCAVATIONS. Standard excavation mthods were used on struc-

Lure excavations using backhoes and tracked dozers. Scrapers and graders

were used to build roads and working surfaces. Equipment used for the

project is listed in Table 4-1.

TABLE 4-I - HEUMr

Modal no.

Cat b23B Scraper
Cat DWIO Scraper
Cat 12 Grader
Cat D8K Dozer
Komatsu D6SE Dozer
Allis-Chalmers HDl Dozer
Cat C920 Front Ind Loader
John Deere JD510 Front End Loader
Dyanhoe 190 Front End Loader
Ford A-62 Front End Loader
Case 1450 Front End Loader
TCI H4M80 Torque Converter
Cat C815B Sheepefoot Compactor
Hyster Sheepefoot Compactor
Cat C215 Backhoe
Link-Belt LS-7400A Backhoe
Kelley K12 Reverse Rotary Drill
Port-A-Drill 522 Air-Yoes Rotary Drill
CHE-45 Auger Drill
Atlas-Copco O-Dex Rotary Drill

4.2 SCMDULINC. Installation of the treatment system building and recharge

wells was concurrent with trench excavation. As RINA would not allow any

pumping until the entire system was complete, all phase* of construction were

independent of one another, excepting the requirement that Discharge Well

DW-10' and Piezometers P-4 and P-Il be installed after trench construction.

Barrier construction was a priority, as no backfill was to be mixed or placed

when the air temperature was below 20 degrees Fahrenheit.

4.3 EICAVATION ClAMS. Excavation was to the lines and grades as shown on

the drawings in Plates 16 and 18 through 21, excluding the changes discussed

in the following paragraphs.
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The win* um excavation line for the slurry trench was used as a guide-

line. Actual termination depth was determined by the Corps inspector after

examining bedrock samples as described in paragraph 2.2.2. Actual termina-

Lion depths generally ranged from 2 to 4 feet below, the minimum excavation,

with Station 25.50 requiring 12 feet of excavation below the minimum excava-

tion line.

Of the 1b wells drilled on site, 24 wells had field adjustments from

the design de th, which is cowmo for veIl designs. See Plate 10 for well

details.

Recharge Well RW-15 contained only 4 feet of poor quality aquifer and

produerd 1.5 gyi during test pumping. It was abandoned and RW-ISA was

drilled 50 feet to the northeast. It was also a nonproducing well and was

subsequently abandoned. Well RW-15B was intalled 50 feet southwest of the

original RW-15.1 It is a successful well, producing 160 gpm.

Dischargei Well DW-il produces a gpm. The calculated design capacity

was 25 gpm. The well was not relocated as the aquifer quality deteriorates

towards DW-12 as per exploratory borings, and any sovement to the south would

adversely effect the capacity of Well DW-10. The wells adjacent to DW-11 are

capable of pumping over design capaci.ty to compensate for its low production.

4.4 1611 3ILLIUC. Alluvial dicharge and alluvial recharge wells were

drilled for the project by the reverse circulation rotary method using a

Kelly X-12 drill rig (see Photo No. 3) with 6-inch drill pipe and Moab bit.

A lb-inch diameter bit was used for the discharge wells, and a 2b-inch bit

fnr t~ou. recharge! VlIls.TA,500 pound drill collar with tri-cone roller rock

Sbit was utilized for drilling through heavily cemented zones and cobbles in

the aquifur. Well designs are shown on Plate 10. In general, materials

encountered during drilling of the wells corresponded with the preconstruc-

tion borings. A major exception was the occurrence of cobbles and small

boulders (to lb inches) throughout the aquifer in nearly every well drilled.
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The use of augers and 2- and 3-inch split spoon samplers in the pro-

S. construction borings did not allow for the recovery of these larger diameter

materials.

Both the alluvial discharge and recharge wells were drilled by the

reverse circulation rotary method using only clean, clear water as a drilling

fluid. This particular drilling method and fluid was used to prevent clogg-

ing of the aquifer. The reverse circulation rotary method worked well except

in zones of cobbles, where the drill pipe, valves, end pump tended to trap

the objects. A rock bailer was used to remove loose cobbles and boulders

from the drill hole. Drilling rates were significantly slowed during such

encowuters.

4.4.1 ULL T"STING AND DIMTRIA)P rT. The discharge and recharge wells were

developed as follows: air-water jetting for a minimum of three cycles using

the jetting tool shown in Photo 26, 2 hours of pumping, disinfection with

sodium hypochlorite to a concentration of 1,000 ppm, followed by a 4-hour

pump test after a minimum of 24 hours. In addition, percolation tests were

conducted on the recharge wells. Test data is compiled in Tables 4-2 and

4-3.

Piezometers were drilled with a CME-45 equipped with 7-inch hollow stem

continuous flight augers.
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AULE 4-2 - WILL TISTING AND DMEVEWmN

weil 5o. Screen Depth Initial V.L. Final V.L. GN

RW-I 33.0-54.0 28 ' 2" 30'6b" 200R1-2 32.0-53.0 27 ' 5" 31 '0" 200RW-3 30.0-51.0 271'S" 30't" 200RW-4 29.0-49.0 3010" 38,2" 200RW-5 30.0-50.0 28 ' 0" 30'1" 200
1•-b 30.6-50.b 28'0" 31'1" 200RW-7 33.0-52.0 25'1" 31'61" 2001W-8 32.0-50.0 2b' 06' 29 '0" 200RW-9 29.0-44.0 27'0" 35'4" 200RW-10 32.0-45.0 27'2" 33 ' 2" 200RW-I1 32.0-43.0 27'0" 35'1" 1101,-1 2 35.0-43.0 28 ' 0" 34#'8" 180RW-13 34.0-44.0 27'0" 35 ' 0" 75R1W-14 32.5-44.5 28'7" 33'0" 145RW-15B 42.5-48.0 331'5" 40'0" 160Mi-lb 37.0-45.0 35'1" 40'0" .55RW-17 35.0-45.0 36'0" 39'10" 100311-18 38.0-46.0 36' t" 40' 5" 75RW- 19 35.0-44.0 38'0" 42*2" 75R1-20 40.0-49.0 37'00" 38'7" 100RW-21 43.0-49.0 39 ' b" 42 '0" 60nW-I 38.0-56.0 30'0" 37'4" 150DW-2 32.0-55.0 31'0" 36'3" 150DW-3 39.0-57.0 31'25" 48'# " 200DW-4 42.01-59.0 33'0" 45'1" 200

DW-5 40.0-56.0 29'5" 38'I" 200DW-b 37.4-54.0 31'0" 341'90 200DW-7 37.0-54.0 30'00" 34'3" 200DW-8 3e.0-54.0 30'0" 33'7" 200
DW-9 37.0-52.0 33#3"1 36'S8" 150DW-10 42.0-50.0 341'0" 41'4" 100DW-11 44.0-49.0 37'0" 46'0" 06DW-12 41.0-4b.0 42'0" 44'11" 40DW-13 32.0-40.0 34'0" 3b'1" 35DW-14 41.0-48.0 38 ' 0" 40' 5" 25DW-15 42.0-49.0 38'4" 41 '7" 30
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TABLE 4-3 - 23CHAR ZLL P19R ATION TEST

Well I . Static Water Level Gallons dded Recoery Tim

RW-I 28'2" 4,000 45 sec.
RW-2 28'5" 3,000 30 sec.
RW-3 30'5' 2,250 2 min.
RW-4 38'2" 2,300 1 min.
RW-5 28'0" 2,300 45 sec.
RW-b 28'0" 2,300 45 sec.
RW-7 25'1" 2,300 45 sec.
RW-8 2b' 0" 2,300 2 min.
RW-9 27'0" 2,300 2 min.
RW-1O 27'2" 2,300 3 min.
RW-I 27'0" 2,300 4 min.
RW-12 28 ' 0' 2,300 2 min.
RW-13 27'0" 2,300 5 min.
RW-14 28'7" 2,300 4 min.
R-I 5B 33l5s 2,30. 4 min.
RW-1b 35'1" 2,300 4 min.
RH-17 37 '0" 2,300 3 min.
RW-18 3b' b" 2,300 5 min.
RW-19 38'0" 2,300 3 min.
RW-20 37'0" 2,300 1 min.
RW-21 390'6" 2,300 5 min.

4.4.2 PIIZZLMT TESTING AND RVELOPUErT. Piezomoters were disinfected with

sodium hypochlorite to achieve a 400 pp. concentration and were left undis-

turbed for a minimum of 24 hours. Two well volumes of water were then

removed by bailing. Jecovery rates are recorded in Table 4-4.

TABLE 4- - PIZOMIt TESTI AND DI1LOPENT

Sailigt & Recovery
Piszmmter No. Screen Depth Static W.L. Recovery Time

P-I 35.5-55.5 33'7" 6 min.
P-2 39.0-58.0 3b'0" 3'min. 30 sec.
P-3 35.5-54.5 34 10" 5 miin. 25 sec.
P-4 41.0-49.0 3b' 6" 7 min.
P-5 41.0-49.0 37'0" 01 rmin. 5 sec.
P-b 37.0-45.0 38'7" 7 min. 10 sec.
P-7 37.0-45.0 38'4" 5 min.
P-8 41.0-50.0 41'W" 12 min. 45 sec.
P-9 41.0-50.0 41'b" 15 min.
P-10 30.0-35.0 31'2" P min. 20 sec.
P-1l 30.0-35.0 31'0" 4 miin. 50 sec.
P-12 33.0-54.0 33'0" 9 min. 30 sec.
P-13 35.0-51.0 31 'I" 2 min.
P-14 34.0-4".0 34'0" 7 min. 10 sec.
P-15 32.0-42.0 35'0" 9 min. 15 sec.
P-lb 42.0-51.0 44'0" 8 rain. 35 sec.
22-13 34.0-44.0 37'8" 9 min.
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4.5 BAUM COSM MZON. The working surface for the barrier was made by

standard cut and fill methods, using scrapers, graders, and dozers. Minimal

fill vws required.

Dry sodium bentonite was supplied in 50 pound bags and mixed with

potable water (supplied by a temporary 4-inch water line) in a 5 cubic yard

collidal mixer with a diesel-powered pump. Slurry storage ponds were not

used as the mixer was capable of producing 1,000-gallon batches in 10 to 15

minutes. Slurry was pumped from the mixer to the trench by the use of a

centrifugal pump and a 6-inch temperary piping system.

4.5.1 T 1113 KICAVATIOU. The slurry trench was excavated with an FMC Link

Belt LS-7400A backhoe with an extended boom to allow excavation to 55 feet

(Photos I and 2). The bucket used was nonperforated, with the exception of

two holes that allowed the release of the vacuum formed by the wet overbur-

den. Initial excavation began 50 feet northeast of the plan starting station

and was eloped down to full depth at the starting point. This enabled place-

ment of backfill by sliding it down the slope and eliminated the need for a

clamsheil or ti'cmie for initial backfill placement. Slurry was pumped into

the trench and generally waintaineO within 2 feet of the working surface by

adding slurry as the excavation progressed.

4.5.1.1 SUM TS"IUG. The sturry used in the excavation and backfill of

the barrier was a mixture of ultrafine natural sodium cation-based montomo-

rillonite clay and potable water. Slurry properties were tested following

the American Petroleum Institute (API) Code RPI3B. Initially, the slurry was

tested four times d,'ly. Testing showed that the slurry properties changed

very little in the course of a day; subsequently testing was reduced to twice

daily. The slurry in the trench was sampled at intervals of every 10 feet of

depth and t 50-foot horizontal intervals. Test3 required were: density

(not less than 64 pounds per cubic foot), filt-ation (not greiter than 20 cc

at 100 psi in 30 minutes), viscosity (not less than 40 secondu at 65 degrees

P.), and sand content. Prior to mixing the slurry with backfill material,

4-6



density was to be not less than 70 pounds per cubic foot nor greater than 85

pounds per cubic foot. Slurry from the trench had an average viscosity of 44

seconds, density of 77 pound@ per cubic foot, filtrate of 20 cc, and sand

content of 10 percent. Slurry wa. used directly from the mixer for blending

with backfill.

4.5.2 IIZUC• BACKFILL. A dike was formed along the trench to prevent

unblended material from flowing in. The select back.'.l material wias mixed

with fresh slurry by trackirg and blading with dozers, and was then tested as

described in Chapter 2. The blended backfill was then pushed .rom the work-

ing surface into the trench, allowing it to slide down the initially inclined

surface, and later down the surface of the previously placed backfill. The

toe of the backfiil lagged behind the trench excavation by a maximum of

100 feet. Backfill was sounded twice daily to determine sliding and settle-

ment. The backfill wag capped by a minimum of 1-1/2 feet of relatively

impervious material within 3 days after the backfill reached the top of the

slurry trench. Bulldozers placed the material and it was compacted in

12-inch thick layers with a sheepsfoot compactor to a dry density of 95 per-

cent of maximum density at optimum moisture (within 2 percent).

4.5.2.1 IhCMIU. TISTID. Backfill consisted of a mixture of slurry and

select soil. Gradation tests were taken for every 300 cubic. yards of fill

placed in the trench. Procedures for the gradation analyses were according

to ASTM C 13b-81, and were to conform with the following requiremerts:

Screen Size or Number Percent Passing
(U.S. Standard) By Dry Weight

3-inch 100
1-1/2-inch 95-100
3/4-inch 80-100
No. 4 50-100
No. 30 25-70
No. 200 12-35

Test results are shown in Table 4-5.

Slump tests were performed twice daily -- tho backfill mixture just

prior to placement in the trench. Testing was according to ASTjM C 143-78,

vith an allowable slump range from 2 to 5 inches.

( 4-7
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Backfill permeability determinations were made on undisturbed samples
obtained from the completed trench in accordance with ASTh D 1587. A 7-inch
diameter hollow stem auger was used to advance the hole to sampling depth.
Three-inch diameter Shelby tube samples were obtained from 10.0 to 12.5 feet
below the surface. One sample was recovered and tested for each 300 linear
feet of backfilled slurry trench. Samples were tested for permeability in
accordance with EM 1110-2-1906, Appendix VII, Back-Pressure Method. Test
results are compiled in Table 4-b.

TABLE 4-6 - BAPMFILL FEUNKBILITY

Sample stat.io Coef ficient of
no. No. Permability (CM/Sec)

1 22+50 2.9x10-8
2 13.50 3.IxIO-8
3 19+50 6.6x10-8
4 16+50 1.8xl0-8

4.6 XLASTING. Bath Excavating and Construction was hired by Ceo-Con to

remove two lenses of argillaceous sandstone from Stations 18+50 to 17+99' and

17+50 to 16+64. RD detaprime caps and prinacord were used to detonate 1-3/4

inch by lb-inch DuPont "Tovex" water gel with a 25 millisecond delay between

holes. The two blasts used patterns of 2-inch thinwall PVC cased holes in

two rows on 3.6-foot centers with 3 feet between the rows. Blasting informa-

tion is listed in Table 2-1.

4.7 SAFETY FECAMUTIONS. Standard safety procedures were followed as per

the Corps of Engineers' Safety and Health Requirements Manual, EM 385-1-1.

When blasting was performed, MIA Security was notified of each imminent

blast. No explowives were stored on site.

4-9
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UIAFMI 5. - XAnAcTKI OF FJUNDATIog

(/

3.1 KRAL. Conditions encountered during construction have been

described in Chapter 3. The specific locations of each condition as

determined from trcnching and well drilling operations are discussed below.

3.2 C3TD S ZOMS. Occasional calcuim carbonate cemented zones of sand

and gravel were encountered in several of the discharge and recharge wells at

the northeast end of the line (Plates 13 through 16). The random zones were

moderately hard to hard, and ranged from 6 inches to 6 feet in thickness.

There was minimal impact on trenching, but some difficulty in drilling when

such zones were encountered.

5.3 CONLZS AND ILDRS. Cobbles and small boulders were encountered

throughout the aquifer. The effect of this material on slurry trench excava-

tion was negligible. They did, however, cause serious delay in drilling

operations. The cobbles and boulders lodged in the bit intake, return valve

in the Kelley, and in the pump (Photo No. 22). The contractor filed a claim

and was compensated as the Government considered the number and location of

the cobbles a type one differing site condition (see Appendix A).

5.4 Y31 IM34&TION SDSTOWES. Two lenses of very hard blue-gray

sand-stone were encountered along the slurry trench between Station 18.25 and

Station 16.64, as shown on Plate 16. The total sandstone thickness ranged

from I to 13 feet, at depths of 38 to 51 feet. Blasting was required to

fracture the rock prior to removal. Excavation continued below the bottom of

the sandstone to assure a tie-in with the clay shale bedrock.

5.5 CLAY SRALK. The uppermost layers of clay shale bedrock are highly

fractured and moderately to very weathered to depths of up to 5 feet into the

rock. Below this, thi rock is essentially unweathered.

I'
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CNhPTI 6.- POSS 1hZ FUTURE PF3LE

6.1 POTENTIAL PIOULIK (OUDITIONS. Aside from mechanical failure, which is

beyond the scope of this report, potential conditions which could produce

problems with the effectiveness of the containment/treatsent system are

discussed below.

Zones of high permeability occurring as windows in the slurry trench

backfill could allow seepage of contaminated ground water through the

barrier. Windowing could occur by sloughing of portions of the trench sides

during excavation, sand layers settled out of the slurry. or pockets of

unblended backfill. Any of these could allow a higher permeability zone

through the trench, and would be difficult to locate upon completion of

construction.

Isolated seepage through permeable sand lenses, fractures, or lignite

seams in the Denver Formation below the depth of the barrier could allow

leakage beneath the barrier.

Any cemented sands or fractured rock remaining at the base of the

trench could also allow leakage benesth the barrier.

Unexpected h;.gh ground water levels could overtax the deevrter/recharge

system. This is unlikely under the range of expected situations for which

the system was designed. The possibility, for such an occurrence does exist

tinder a combination of condicions such as a high ground water level and heavy

precipitation combined with a prolonged shutdown of the system, where ground

water could build up along the barrier until the system was again

operational.

6.2 AUCOI NOUND O3SKI.ATIa.. The system as designed will require periodic

maintenance. Constant observation is recomended as follows:
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(1) Regular readings of piezometers and wells down gradient of the
barrier should indicate the total effectiveness of the system, and would pro-
vide indications of problem areas of the barrier.

(2) Monitoring of wells and piezometers on the up gradient side of the
system is also essential. Readings here could provide information on pre-
treatment contaminant levels and possibly on migrating ground vater patterns
as well. Additional monitoring wells could be installed as required to
detect any change in shape or depth of the contamination plumes.

(3) Regular inspection of the surface of the slurry wall is recom-
mended. Slumps or depressions along the surface of the barrier may be anindication of a "window" condition caused by improper backfill. Saturated
surface conditions might indicate ineffective devater/recharge system
ftmct ion.

( 6-2



APPIKUDIX A

Contract Modifications



CWX3ACT VII0 CATIO1S

Nod. Description Cost

P00001 Delete booster pump. Provide flow
controls on emergency showers.
Provide pressure reducing valve. $5,519

P00002 Add bends at valve pit. $2,703

P00003 Claim--Cobbles in wells. $97,175

P00004 Relocate two power poles. $1,382

P00005 Not executed. -----

P00006 Not executed.

P00007 Extend contract 5 days. No cost

Total Mod Coots $ 106,799

Contract Bid 2,641,580

Total Cost $2,748,359

( A-1
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Photograph 1. FMC Link-Bel't LS-74100 A, used for
slurry trench excavation.

1 Photograph 2. LS-7400 A with 55 foot dipper1/stick and boom,



Fh'otograoh 3. Kelley K12 Reverse Circulation
Rotary Drill used for well
drill ing.

Photograoh 4. Port-A-Drill Air-Foam Rotary Drill
used for well development.



Ln

0

CL C,

cc

a- 
C

tm. C

Q) CN

u0

/

~C1



CIO

cm 0

CD a

Q- l cuC

NiC
(Un

0 +

00-0 (+ +j

4=OL



co

Ca

Cl)

CDD

CL.C



- 'Co

CIO

0

(Z)

c*7

CD

(D

Cl- a +



-V-

A0I

CA.



Ph~otographi 15. Back~ilI material for slurry
trenCn.

Photograph 16. Mixing, backfill and slurry.
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Photogra[)h 19. *CarQ~lng trenchi, looking south-
west fron Station 25+00.

Photograoh 20. Cobbles from DW-2.
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Photograph 29. 2% h.p. submersible Pump for
pump test.
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